ABSTRACT: Mixed livestock grazing can offer an alternative management system for rearing dairy replacement heifers (Bos taurus). A 2-yr study was conducted during 2009 (yr 1) and 2010 (yr 2) to determine the effects of co-grazing Holstein heifers under rotational stocking with Boer × Kiko goats on animal performance, pasture DM yield, and botanical composition. Each year, 24 heifers (134 ± 6 d of age and 147.4 ± 31.2 kg BW in yr 1; 166 ± 11 d of age and 168.0 ± 27.6 kg BW in yr 2) and 6 goats (2 yr old and 39.7 ± 16.2 kg BW in yr 1; 1 yr old and 33.7 ± 7.4 kg BW in yr 2) were divided into 6 paddocks with 4 heifers and 2 goats, where applicable, per group. Low endophyteinfected tall fescue (Festuca arundinacea Schreb.) and white clover (Trifolium repens L.) pastures were used to evaluate 2 grazing strategies (heifers grazed alone [HO] or heifers co-grazed with goats [HG]). In addition, 6 goats were assigned to 2 paddocks and grazed alone (GO) each year to estimate goat pasture forage intake and compare Haemonchus contortus infection to co-grazed goats. Forage samples were taken monthly to assess DM yield and botanical composition. Samples collected for botanical composition were manually sorted into grass, legume, and weed species. Forage DMI was estimated using a rising plate meter before and after grazing. Heifer BW at the conclusion of yr 1 and yr 2 did not differ between HO and HG (P = 0.40 and P = 0.12, respectively). Likewise, overall ADG did not differ between HO and HG, averaging 0.65 kg/d and 0.63 kg/d over both grazing seasons (P = 0.70). Grazing strategy did not affect forage or total DMI in yr 1; however, HO consumed 2.3 kg/d more forage DM than HG (P < 0.01), resulting in greater total DMI for HO in yr 2 (P < 0.01). Heights at the hip and withers were greater for HO than for HG during both grazing seasons (P < 0.05). Weed presence did not differ between grazing strategies over both grazing seasons as determined by manual harvesting, but visual estimation of botanical composition at the end of yr 2 showed that HO paddocks had 3.5 times more weed presence than HG pastures (P < 0.01). Within the confi nes of this study, co-grazing did not affect overall heifer BW gain, but it decreased DMI, suggesting that dairy heifers can be co-grazed with goats without negative effects on ADG or feed effi ciency.
INTRODUCTION
Utilizing rotational grazing and co-grazing to improve forage quality and availability provides an opportunity to decrease purchased feed costs for dairy replacement heifers. Mathews et al. (1994) found that dairy heifer BW gains per hectare could be increased on rotationally grazed compared with continuously stocked pastures; yet, there were no differences in forage nutritive value attributed to grazing strategy. In contrast, Pavlu et al. (2006) found that forage yield and CP were greater and crude fi ber was less for intensive compared with extensive grazing systems using growing dairy heifers, suggesting that rotational grazing can increase production per land area unit, regardless of forage quality, between continuous and rotational grazing systems.
Matching forage species with nutrient requirements is a challenge when grazing in temperate climates using cool-and warm-season forage mixtures, and might be improved with co-grazing. Co-grazing livestock species could control weeds, enhance pasture forage nutritive value, and increase forage production (Popay and Field, 1996; DiTomaso, 2000) . Co-grazing sheep (Ovis aries) with beef cattle has been shown to improve forage quality and stabilize forage mass over sheep-only grazed pastures during a grazing season (Abaye et al., 1994) . In addition, different livestock species can be grazed together to improve weed control by taking advantage of grazing and selection preferences. For example, goats grazed with beef cattle have been shown to control thistles without affecting cattle productivity (Popay and Field, 1996) .
Most research examining the effectiveness of cograzing livestock has used sheep, goats, or beef cattle. Therefore, the objectives of this study were to evaluate the effects of co-grazing prepubertal dairy heifers under rotational stocking with goats on: i) heifer growth, feed intake, and blood metabolites; and ii) botanical composition and forage DM yield.
MATERIALS AND METHODS
All experiments were conducted at the Southern Indiana Purdue Agricultural Center (SIPAC) in Dubois, IN, using Holstein heifers sourced from Kentucky Heifers Growers, LLC of Glasgow, KY, and Boer × Kiko goats maintained at SIPAC. All animal-related procedures were conducted in compliance with approved protocols from the Purdue Animal Care and Use Committee (PACUC No. 09-024).
Animals
Twenty-four prepubertal heifers (134 ± 6 d of age and 147.4 ± 31.2 kg of BW in 2009; 166 ± 11 d of age and 168.0 ± 27.6 kg of BW in 2010) and 6 goat does (2 yr old and 39.2 ± 9.2 kg BW in 2009; 1 yr old and 33.7 ± 5.3 kg BW in 2010) were used each year. Heifers were weighed on 2 consecutive days before starting the trial and assigned randomly by BW to 1 of 6 paddocks (4 heifers or 4 heifers and 2 goats per paddock) to evaluate 2 grazing strategies (heifers grazed alone [HO] or heifers co-grazed with goats [HG] ). In addition, 6 goats were assigned to 2 paddocks and grazed alone (GO) to estimate goat pasture forage intake and compare Haemonchus contortus infection to co-grazed goats. Animals were grazed from May 28, 2009 to August 20, 2009 (yr 1) on 2 different fi elds; the fi rst fi eld (4.0 ha) was grazed from initiation of the study until June 24, 2009, and the second fi eld (10.1 ha) was grazed from June 25, 2009 until completion of the study. The second fi eld used in 2009 was used in 2010, and was grazed from June 22, 2010 to August 31, 2010 (yr 2). Each fi eld was divided into 3 pastures for HO, HG, and GO, respectively. The pastures were further divided into 3 paddocks each for HG and HO and 2 paddocks for GO, which were designated as the experimental units. Animals in HO and HG were maintained in 21.3-m × 30.5-m paddocks using 2 strands of electrifi ed poly-wire fencing in yr 1 and electrifi ed netting in yr 2, and GO were maintained in 21.3-m × 21.3-m paddocks using electrifi ed netting throughout both grazing seasons. Supplement was offered daily to heifers and goats using 1.52-m × 0.61-m plastic bunk feeders and unrestricted access to water was provided using 104-L tubs with fl oat valves. Intensive grazing management with rotational stocking was used for pasture management with all groups moved to fresh pasture every Monday and Thursday and paddock order rotated during the grazing season. Stocking rates were 3 heifers/ha for HO, 3 heifers and 1.5 goats/ha for HG, and 6 goats/ha for GO in fi eld 2. Stocking densities were 62 heifers/ha for HO, 62 heifers and 15 goats/ha for HG, and 22 goats/ha for GO in fi eld 2. With intensive grazing management similar to the current study, Martz et al. (1999) used stocking densities up to 60 animal units/ha (340-kg steers) on cool-season pastures. Stocking density was purposely increased for HG in this study, as past research fi ndings indicated that when stocking density was increased on co-grazed pastures, preference for consuming weeds increased for goats (Animut et al., 2005) .
Animal Measurements
Heifers were weighed every 2 wk to determine ADG and G:F and to adjust supplement allowance. Growth measurements, including withers height (WH) and hip height (HH) in both years and heart girth circumference (HGC) in yr 2, were taken monthly using a height stick and fl exible tape measure, respectively. Body condition score was assessed monthly on a scale of 1 to 5 (1 = emaciated, 5 = obese; Edmonson et al., 1989) by 2 evaluators, and scores were averaged. Blood samples (10 mL) were collected from heifers monthly into evacuated tubes containing lithium heparin (BD Diagnostics, Franklin Lakes, NJ) via jugular venipuncture for analysis of plasma urea N (PUN) in both years (Procedure No. 0580; Stanbio Laboratory Inc., San Antonio, TX) and glucose in yr 2 (Procedure No. 1070; Stanbio Laboratory Inc.). Plasma was aspirated after centrifugation (2,500 × g for 15 min at 4°C) and frozen at -20°C for later analysis.
Goats were weighed monthly to adjust supplement allowance. Ocular membrane color scores using the FAMACHA chart system (Kaplan et al., 2004) were evaluated monthly, and goats with FAMACHA scores of 3 or greater were dewormed using levamisole HCl (AgriLabs, St. Joseph, MO) according to standard operating procedures at SIPAC. Given the history of H. contortus presence in the research herd based on necropsies and previous research conducted at SIPAC, we assumed that H. contortus was the predominant gastrointestinal parasite in the goats used in this study, and that the FAMACHA system was an appropriate measurement of infection. Fecal samples were collected from the rectum of each goat for fecal egg counts (FEC), which were quantifi ed using a modifi ed McMaster technique with 1 egg counted representing 50 eggs/g of feces using a sucrose fl otation solution (Whitlock, 1948) . Blood samples (10 mL) from goats were collected monthly and analyzed for PUN as described previosly.
Supplements
Detailed ingredient and nutrient composition of supplements offered to heifers and goats are presented in Table 1 . As a result of BW and BCS losses in heifers during the fi rst 6 wk on pasture, additional supplementation was provided to heifers for the last half of the trial in yr 1. During wk 0 to 6, supplement consisted of 100% dried distiller's grains with solubles (DDGS). Supplements fed during wk 6 to 12 consisted of 45.0% DDGS, 17.5% cracked corn, and 37.5% grass hay on a DM basis. For 0 to 6 wk, supplementation rate was 0.9% of BW (DM basis) for heifers and goats; for 6 to 12 wk, total supplementation rate was increased to 2.0% of BW on a DM basis. In yr 2, supplement offered contained 72.0% DDGS and 28.0% cracked corn on a DM basis and was fed at a rate of 1.25% of BW on a DM basis for heifers and goats. A commercial mineral premix (Table  1 ) also was offered free-choice to all treatment groups to meet daily requirements (KNS Inc., Lawrenceburg, KY). Feed ingredients were analyzed for DM once every 2 wk and used to adjust for supplement moisture content during the study. Ingredients and forage samples were dried at 60°C in a forced-air oven, ground to pass a 1.0-mm screen in a Wiley mill (Thomas Scientifi c, Swedesboro, NJ), composited by grazing treatment, and analyzed for nutrient composition by a commercial laboratory monthly (Dairy One Forage Labs, Ithaca, NY). Feed samples were analyzed for CP (block digestion followed by steam distillation; AOAC 984.13, AOAC, 1990) Isaac and Johnson, 1985) .
Forage Sampling
Forage samples were harvested by manually cutting forage approximately 5 cm above ground level from 0.19-m 2 quadrats placed randomly within each paddock (3 to 4 quadrats/paddock). Predominant species in each pasture were low endophyte-infected tall fescue, white clover, red clover (Trifolium pratense L.), and Kentucky bluegrass (Poa pratensis L.). Botanical composition, determined by manual species separation, and DM yields were determined for each fi eld before grazing. During the grazing season, forage samples were separated into grasses, legumes, and other plant species, which included grass-like weeds, broadleaf weeds, and forbs. Because of insuffi cient forage regrowth at the conclusion of yr 2, photographs were taken in lieu of clipped quadrats to visually estimate botanical composition, similar to procedures outlined by Waite (1994) . All photographs were taken 1.2 m perpendicular to the ground using a rigid tripod to ensure the same height and focus. Quadrats used to manually harvest forage samples were used as a guide when taking photographs. Photographs were uploaded to a word-processing program, cropped to the inside dimensions of the quadrat reference area, and overlaid with a grid containing 72 quadrants with 2.3 cm 2 area each. Botanical composition was visually evaluated for each quadrant within the photograph by identifying grasses, legumes, and other plant species in 25% increments. Forage heights before and after grazing were recorded after each rotation using a rising plate meter. The difference between forage heights was used to calculate DMI using the equation: [(Height before grazing) -(Height after grazing)] × 23.9 kg DM/paddock cm, derived from calibrating the rising plate meter for the main forage species present in pastures used in this study (Michell, 1982) . Forage intakes calculated from GO were used to estimate intake for goats in HG. During the grazing season, forage samples were taken monthly to determine DM yield and botanical composition of forage in pastures before and after grazing. All forage samples were dried at 60°C in a forced-air oven until constant dry weights were achieved. Dry matter yield of grass, legume, and weed species and total DM yield were calculated using separated and intact pasture forage samples.
Statistical Analyses
Heifers were assigned to treatments in a completely randomized design. In HO and HG, 4 heifers were used per paddock each year. In addition, 2 goats were used per paddock in HG, and 3 goats were used per paddock in GO each year. Data were analyzed as repeated measures using the MIXED procedure of SAS 9.2 (SAS Inst. Inc., Cary, NC) using week or month as the repeated measure (Littell et al., 1998) . The variance-covariance matrix structures were evaluated for each model using simple, fi rst-order auto-regressive, compound symmetry, and unstructured covariance structures. Variance-covariance matrix structures were selected for each model based on lowest Bayesian information criterion fi t statistic. For heifer data, BW, ADG, pasture forage DMI, total DMI, G:F, WH, HH, changes in WH and HH, HGC, BCS, and PUN were analyzed by paddock. In both years, 0 to 2 wk were classifi ed as an adaptation period to pasture, and ADG from 0 to 2 wk was excluded from analysis. The model included grazing strategy main effects repeated over time, year, and all interactions. For goat data, FAM-ACHA score, log-transformed FEC [ln(FEC + 1)], and PUN were analyzed by paddock. The model for goat data included grazing strategy main effects repeated over time. For pasture forage data, grass DM yield, legume DM yield, weed DM yield, total DM yield, and botanical composition were analyzed by sample within grazing strategy. The model included grazing strategy, stage of growth (before or after grazing), and the interaction of grazing strategy and stage of growth over time. Visual estimation of botanical composition at the conclusion of yr 2 was analyzed as a single measurement with grazing strategy as the main effect. Main effects of year and all appropriate interactions were evaluated for each animal and forage model with data from both grazing seasons, and nonsignifi cant interactions were removed from the models.
RESULTS AND DISCUSSION

Heifer Performance Measurements
Forage and total DMI showed a year × grazing strategy effect (P < 0.05), as HO consumed more forage and total DM in yr 2 than in yr 1, and more than HG in yr 2. Intakes did not differ between grazing strategies in yr 1 (Table 2) , averaging 4.5 kg/d and 7.0 kg/d for pasture forage (P = 0.18) and total DMI (P = 0.14), respectively. In yr 2, forage DMI was greater for HO heifers than for HG heifers, with HO consuming 6.7 kg/d vs. 4.4 kg/d for HG (P < 0.01). Although supplements offered to all heifers were based on BW and were amounts fed were similar across treatments, the differences in estimated forage intakes resulted in greater total estimated DMI for HO compared with HG heifers, with a DMI of 9.0 kg/d for HO compared with 6.7 kg/d for HG in yr 2 (P < 0.01). Total DMI was much greater than values predicted by the NRC for dairy heifers of similar BW and age, averaging 7.3 kg/d in this study compared with 5.1 kg/d predicted by the NRC (2001) model. In a concurrent study (Dennis et al., 2011) with dairy heifers of similar BW and age raised in a feedlot at the same location, heifers fed TMR diets consisting of 60% forage and 40% concentrate on a DM basis consumed 5.6 kg/d compared with 7.3 kg/d for heifers in the current study, illustrating an apparent overestimation of forage DMI. Table 2 . Effects of grazing strategy over time on estimated pasture forage DMI, total estimated DMI, average daily gain (ADG), and feed effi ciency (G:F) of Holstein heifers grazed alone (HO) or co-grazed with goats (HG) in 2009 (n = 6) and 2010 (n = 6) Final BW of all heifers on this study (Table 2) were less than those typically observed for confi nement-fed heifers, averaging 191.9 kg in yr 1 and 207.6 kg in yr 2 compared with 214.9 kg for 7.5-mo-old confi nementraised heifers reported by Heinrichs and Losinger (1998) . Overall ADG did not differ between HO and HG across each grazing season, averaging 0.65 and 0.63 kg/d for HO and HG, respectively (P = 0.70). Similarly, Abaye et al. (1994) and Wright et al. (2006) reported no difference in live weight gain of growing cattle grazed alone or co-grazed with sheep. Average daily gains observed in the present study are consistent with ADG of 0.50 and 0.53 kg/d reported by Mathews et al. (1994) and Macdonald et al. (2005) , respectively, for pasture-reared prepubertal dairy heifers. After increasing total supplementation from 0.9% to 2.0% of BW on a DM basis in yr 1, heifers likely experienced compensatory gains in response to increased protein and energy density of the supplement, similar to protein-restricted Holstein steers used by Abdalla et al. (1988) and supplement-restricted beef steers by Lewis et al. (1990) . Grazing strategy had no signifi cant effect on G:F, which averaged 0.078 and 0.089 for HO and HG, respectively (P = 0.31). Feed effi ciencies observed in this study were less than those for high-forage confi nement feeding trials reported by Kononoff et al. (2006) and Zanton and Heinrichs (2007) , possibly as a result of overestimation of pasture forage DMI using rising plate meter measurements (Sanderson et al., 2001 ) or additional energy expenditure required for grazing activity (Caton and Dhuyvetter, 1997) . In contrast, Lewis et al. (1990) observed an increase in feed intake and no signifi cant difference in feed effi ciency associated with compensatory growth of previously grazed yearling steers following nutrient restriction.
Initial HH and WH were similar between grazing strategies each year, averaging 110.4 cm and 104.5 cm at the hip and withers, respectively (Table 3) . Final HH and WH were greater for HO in both years, averaging 1.6 and 1.7 cm taller at the hip (P = 0.02) and withers (P = 0.01), respectively. Average changes in HH tended (P = 0.09) to increase for HO heifers, with increases in HH averaging 2.5 cm every 2 wk compared with 2.0 cm every 2 wk for HG; however, average changes in WH did not differ (P = 0.12) between grazing strategies. The increase in heights for HO was most likely a result of the greater DMI and the resulting increased nutrient intake. Changes in HGC did not differ between grazing strategies in yr 2, with HGC averaging 138.9 cm at the end of the study. Skeletal growth was similar to that observed in Anderson et al. (2009) , where growing dairy heifers were fed TMR containing wet distiller's grains blends, although daily HH and WH growth observed in this study were 49 and 56% less, respectively, than growth observed by Anderson Body condition scores did not differ between grazing strategies at the start of both grazing seasons; however, all heifers lost approximately 0.25 BCS units within the fi rst 6 wk on study in yr 1 (P < 0.01) and maintained BCS until the end of the study. Body condition losses indicated that heifers were not able to obtain enough nutrients from the diet to support requirements for maintenance and growth. Nonetheless, DMI estimates and nutrient values of the pasture and supplement should have met or exceeded heifer requirements to gain 0.5 kg/d (NRC, 2001) . Poor ruminal adaptation to a high-forage diet and over-estimation of pasture forage DMI are the most likely factors accounting for the unexpected BW and body condition losses during the fi rst 6 wk of the study. In addition, variation in pasture forage nutrient composition and increased maintenance requirements of the heifers associated with grazing activity and heat stress likely contributed to the loss of body condition. In contrast, BCS was constant throughout the grazing season in yr 2 (P = 0.63), suggesting that the greater supplementation rate starting at the beginning of yr 2 more effectively supported nutrient requirements for maintenance and growth throughout the study.
Plasma urea Nand glucose concentrations for heifers are shown in Figure 1 for both grazing seasons. Overall PUN concentrations were greater in yr 1 than in yr 2, averaging 13.1 and 11.1 mg/dL, respectively (P < 0.01). In addition, PUN concentrations were affected by graz- ing strategy, as HG heifers had greater PUN than HO heifers overall (12.6 and 11.7 mg/dL, respectively; P = 0.03). In yr 1, grazing strategy tended (P = 0.06) to affect overall PUN concentrations, as HG heifers had elevated PUN compared with HO heifers after 4 wk on study (Figure 1 ). In yr 2, PUN did not differ between grazing strategies, averaging 11.5 mg/dL for HG and 10.8 mg/ dL for HO (P = 0.13). Increased PUN concentrations for the HG heifers were not expected, although slight numerical increases in forage CP concentrations might have accounted for the increase in PUN. MacDonald et al. (2007) used purine derivatives to creatinine ratios (PD:C) to evaluate differences in bacterial CP fl ow in grazing heifers and reported that PD:C was increased early in the grazing season when CP was greatest and RUP was least in pasture forage. Decreased PUN concentrations for HO heifers compared with HG heifers could be attributed to decreasing forage quality later in the grazing season. Overall PUN concentrations averaged 12.1 mg/dL, which is within the optimal range to maximize the rate of BW gain by growing cattle (Byers and Moxon, 1980) . Blood glucose concentrations tended (P = 0.10) to be greater for HO heifers at the end of the study in yr 2, averaging 65.9 mg/dL for HO compared with 61.1 mg/dL for HG. Waterman et al. (2007) observed that greater forage nutritive value resulted in increased circulating blood glucose concentrations compared with seasons with lower forage nutrient density. This fi nding could explain the decrease in blood glucose for all heifers in the present study and might suggest that HO heifers were consuming more nutrient-dense forage than HG heifers; however, Russel and Wright (1983) suggested that plasma glucose concentrations might not be a reliable indicator of energy status in grazing cattle.
Goat Measurements
Initial and fi nal BW of goats did not differ between grazing strategies across both grazing seasons (Table 4) . Fecal egg counts tended (P = 0.09) to be greater for HG than for GO at 4 wk; nevertheless, FEC did not differ between grazing strategies overall, with nontransformed values averaging 868 and 930 eggs/g for GO and HG, respectively (P > 0.10). One hypothesized benefi t of multispecies grazing is to alleviate increasing resistance of gastrointestinal nematodes (GIN) to anthelmintic treatments (Rocha et al., 2008; Mahieu and Aumont, 2009 ). Rocha et al. (2008) found that pasture contamination with H. contortus-infective larvae was signifi cantly decreased with multispecies grazing, but pasture decontamination by steers did not prevent GIN infection in sheep. Mahieu and Aumont (2009) monitored GIN infection in ewes alternately grazed with weaned heifers, and observed that FEC were greater for lactating ewes than for pregnant ewes, but found no signifi cant differences between alternately grazed ewes and ewes grazed alone. In the present study, we did not observe an overall difference in FEC between grazing strategies, which contrast the fi ndings of Rocha et al. (2008) . Our results suggest that co-grazing goats with heifers did not allow for pasture decontamination because animals returned to graze pasture forage regrowth within 6 wk of initial fecal deposition by infected animals, a pe- riod where infective GIN larvae are still present in pastures (Fleming et al., 2006; Mahieu and Aumont, 2009 ). Nonetheless, the FEC observed in our study indicated that the goats were moderately parasitized, suggesting that pasture contamination might have been low to moderate throughout the study. There were no signifi cant differences in FAMACHA scores between grazing strategies at the beginning or the end of the study for both grazing seasons. No studies to date have used the FAMACHA color chart to detect anemia in co-grazed goats, but Kaplan et al. (2004) and Pezzanite et al. (2010) found a positive correlation between FEC and FAMACHA scores in both sheep and goats, indicating that FAMACHA scores can estimate H. contortus infections without the use of FEC.
Plasma urea N concentrations tended (P = 0.08) to exhibit a year × grazing strategy effect, as HG goats had the greatest PUN concentrations in yr 2 but the least PUN concentrations in yr 1. Moreover, PUN signifi cantly increased at 4 wk during both grazing seasons, increasing from 17.6 to 23.9 mg/dL for both treatments. Sahlu et al. (1993) observed similar PUN concentrations to ours in goats fed increasing amounts of protein, ranging from 22.0 to 33.3 mg/dL for 15 to 21% CP diets, respectively. Data from yr 2 suggest that HG goats were selecting forage higher in soluble protein throughout the grazing season than GO goats, which agrees with the fi ndings of Lu (1988) and MacGregor (2010); however, this effect was not observed in yr 1, which is likely related to forage availability differences between years. When goats were grazed with heifers, the increased competition for forage in yr 2 might have altered dietary selectivity of the goats and resulted in a higher protein diet.
Forage Quality, Yield, and Botanical Composition
Forage nutrient composition across both grazing seasons is shown in Table 5 . Metabolizable energy ranged Table 4 . Effects of grazing strategy on BW, FAMACHA score, fecal egg counts (FEC), and plasma urea nitrogen (PUN) for Boer × Kiko goat does grazed alone (GO; n = 4) or co-grazed with heifers (HG; n = 6) over all samples in 2009 and 2010 Table 6 . There tended (P < 0.10) to be a year × grazing strategy × stage effect on total, grass, and legume DM yield, with total DM yield being greatest in yr 1 for HG before grazing and least in yr 2 for HG before grazing. There seemed to be carryover effects from yr 1 to yr 2, as legume and total DM yields were lower before grazing in yr 2 than yields observed before grazing in yr 1 (P < 0.01). After grazing once, grass DM tended to increase for HG in yr 1, and total DM yield tended to increase for HO in yr 2 (P < 0.10). After grazing twice, HG-grazed paddocks yielded more grass DM than HO-grazed paddocks in yr 1; however, DM yields did not differ between grazing strategies in yr 2 after grazing twice. A year × grazing strategy effect was not observed in the present study; however, total DM yield decreased from 2,838.1 to 2,229.2 kg/ha from yr 1 to yr 2 (P = 0.01). These results are in contrast to those of MacGregor (2010), who observed a signifi cant increase in the presence of subterranean clover (Trifolium subterraneum L.) and senescent material in pastures grazed by sheep and goats. MacGregor (2010) attributed increased presence of clover to goats exhibiting preferences for mature or senescent clover in mixed grazed pastures compared with green clover. Generally, dietary preferences of goats result in pastures with more grass than clover (Animut and Goetsch, 2008) , which agrees with the fi ndings of the current study. Similarly, cattle prefer diets with greater proportions of grass compared with other forage species (Popay and Field, 1996; Animut and Goetsch, 2008) , which is illustrated by the decrease in grass DM yield in HO pastures compared with HG pastures in yr 1. Increased stocking density on HG pastures might have contributed to the decrease in DM yields in yr 2, as increasing stocking density has been associated with decreases in available forage mass in co-grazing studies (Animut and Goetsch, 2008) . Weather data (Figure 2 ) indicated that average monthly temperatures were 2.3°C greater and average monthly precipitation was 10.3 cm less in 2010 than in 2009, which likely resulted in an increase of senescent forage towards the conclusion of yr 2. Frequent defoliation of pasture forage in a managementintensive grazing system has been shown to increase pasture quality when pastures are used before forage senescence (Heitschmidt et al., 1982) . Therefore, the reasons for the differences in DM yields in HG pastures between grazing seasons are not clear, but are most likely a result of increased stocking density on HG pastures compared with HO and decreased monthly rainfall in yr 2.
Complete speciation of forages present in the pasture was done at the beginning of the study. Forage species composition (DM basis) in the pasture was 34.2% low endophyte-infected tall fescue, 31.9% white clover, 20.1% Kentucky bluegrass, and 8.4% red clover, with the remaining 5.4% being other plant species. Botanical composition was signifi cantly affected (P < 0.05) by the interaction of year × grazing strategy × stage, as illustrated in Table 6 . Similar to DM yield, there seemed to be carryover effects from yr 1 to yr 2, as the percentage of grass species increased and the percentage of legume species decreased in yr 2 compared with composition observed in yr 1 (P < 0.01). After grazing once or twice, presence of other plant species tended (P < 0.10) to increase in yr 2 compared with yr 1, which could be attributed to inadequate rainfall and high temperatures observed in yr 2. After grazing once in yr 1, pasture composition of grass tended (P = 0.10) to increase for HG compared with HO, whereas legume and other plant species did not differ between grazing strategies despite large numerical differences, averaging 30.7% legume and 3.3% other plant species. In yr 2, presence of legume species was greater in HG than in HO (P = 0.02), but the presence of grass and other plant species did not differ between grazing strategies. Botanical composition did not differ between grazing strategies after grazing once; however, presence of other plant species tended (P = 0.07) to increase from 13.0 to 20.9% in HG after grazing twice in yr 2. Altered dietary selectivity of goats in response to seasonal forage availability (Animut and Goetsch, 2008) could be one reason for the differences observed after grazing once compared with grazing twice. In addition, in yr 2, there was an increased visual presence of giant foxtail (Setaria faberi R. A. W. Herrm.) in HG pastures. Because of the plant species separation protocol established in yr 1, giant foxtail was included in the other species category, and it comprised the majority of forage in this category in yr 2. Because giant foxtail is more similar to grasses in appearance and growth, grazing preferences of goats might not extend to giant foxtail. Moreover, the random placement of quadrats in pastures to collect samples after grazing was impeded because of growth of broadleaf weeds exceeding 1.0 m in height, predominantly common cocklebur (Xanthium strumarium L.), throughout the paddocks. The visual presence of tall weeds was especially pronounced in the HO pastures. In addition, fi nal forage clippings were not collected after the third grazing pass as a result of a lack of regrowth associated with high daily temperatures and minimal rainfall (Figure 2) . Therefore, as noted previously, to quantify botanical composition at the conclusion of yr 2, photographs were used to visually quantify percentage composition for HO and HG. Visual estimation of botanical composition using photographs in this study was appropriate given the lack of adequate for- age regrowth to allow for manual plant separation. Similar procedures have been used to visually estimate forage composition to avoid time-consuming sampling procedures, such as manually harvesting forage (Waite, 1994) . Using visual estimation, grass percentage was 28.6% greater in HG pastures than in HO pastures (P < 0.01), which was similar to forage composition observations in yr 1. Percentage of legume was 3.3 times greater in HO pastures than in HG pastures, which also agrees with the forage composition observed in yr 1. Percentage of other plant species, not including giant foxtail, was 9.2% in HO pastures compared with 2.6% in HG pastures (P < 0.01), indicating that botanical composition was altered by the presence of goats. In summary, during a 2-yr study evaluating cograzing of livestock using Holstein heifers and Boer × Kiko goats, ADG and G:F did not differ for heifers cograzed with goats. Skeletal growth at the hip and withers of heifers grazed alone was increased compared with co-grazed heifers; however, heart girth and body condition were not affected by grazing strategy over each grazing season. Moreover, co-grazing did not decrease H. contortus infection in the small sample of goats in the current study, suggesting that multispecies grazing may not decrease parasite infections in managementintensive grazing systems where pasture contamination is relatively low. Co-grazing dairy heifers with goats altered forage composition over each grazing season. Visual decreases in weeds in yr 2 for HG paddocks affords an opportunity to use co-grazing as an alternative weed management tool in mixed-species pastures. Increased stocking density on co-grazed pastures likely resulted in less available forage mass for heifers and goats. More research is needed to evaluate the long-term effects of co-grazing dairy heifers and goats on forage composition and DM yield, particularly for weed incidence in mixed-species pastures.
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